NOTICES
The findings in this report are not to be construed as an official Department of the Navy position unless designated by other authorized documents.
The citation of trade names or names of manufacturers in this report should not be taken as official Government endorsement or approval of commercial products or services referenced herein.
When Government drawings, specifications, or other data are used for any purpose other than in connection with a definitely related Government procurement operation, the United States Government thereby incurs no responsibility nor any obli-.
gation whatsoever, and the fact thatthe Government may have formulated, furnished, or in any way supplied the said drawings, specifications, or other data, is not to be regarded by implication or otherwise as in any manner licensing the holder of any other person or corporation, or conveying any rights or permission to manufacture, use, or sell any patented invention that may in any way be related thereto. The single crystal gr~cth of rare earth silicates was investigated for the purpose of tunable laser host. Silicates of the type R2SiO5, where R = La, Gd, Y wre prepared from stoichiomretric melts and doped with Ce4 activator. Seed crystals were obtained from crystallized melt sections or by growth on an iridium wire. Cathodoluminescence experiments on both powders and single crystals showed wavelength shifts with different rare earth ions. The Gd, Y, and mixed crystals of Gd-Y silicates gave good bright emission with Ce + 3 . The emission is broad band and covers the wavelength range of 370-525 nm. The peak emission can be centered near 450-460 um by other carlositions. Large single crystals of Gd2Sio5:Ce + " were grown. One growth run of MgjSiO 4 :Ti+3 yielded a small boule which showed cathodoluminescence under e-beam illumination. A major problem has been to find suitable single crystal hosts which have the following features.
1.
Chemical and physical properties similar to other good hosts, e.g. A1 2 0 3 ' Y 3 Al 5 0 1 2'YLIF 4 " Ce3+ p 3 +
2.
Ability to incorporate Ce, , or other rare earth ions substitutionally.
3.
A high band gap of about 6 ev to prevent excited 3+ state absorption of Ce
4.
High radiative lifetime and fluoresecent yield of 3+ Cẽ
3+

5.
The presence of Ce in a suitable site and symmetry to luminesce at 450-500nm.
Most of the previous work under this program ( 1 ) The crystals were about 2 x 8 cm and desired for phosphor research. In some previous papers by Philips personnel, the silicates were found to be some of the most efficient phospors available. The work at Philips also confirms that good single crystals can be grown.
Experimental Procedures
Feed Material
The precursor powders used in these experiments were of 4-9's purity or better. The CeO 2 was purchased from Spex Industries, Inc., the Gd 2 0 3 MgO, Ti203, and some SiO 2 from the United Mineral 
Czochralski Technique
The gemetrical arrangement for this series of growth runs is shown in figure 3 . A 3 inch by 3 inch iridium crucible, capped with a 2 inch I.D. iridium lid was used for most of the runs. The crucible is heated by RF coils powered by a 30 kw Lepel generator.
The cover atmosphere for each run was high purity nitrogen from a cryogenic source mixed with forming gas for some of the earlier runs. The gas was fed through holes centered in the steel table and zirconia base plate. The gas then exited from vertical slots cut in the zirconia support cylinder to flow up through the grog.
The flow rates were generally in the range of 25 liters/min. The pulling rates and rotation rates are detailed in Table I . Melt drop compensation was employed during runs where a boule was pulled.
-7- is shown in Figure 4 .
Optical and Laser Evaluation
Optical and laser evaluation of samples from successful runs were to be performed at NRL. Samples for this purpose were to be prepared at Airtron by cutting single crystal sections from each boule and polishing them to optical clarity.
Results and Discussion
Since it appears that all the rare earths (R) form an One experiment was performed on a non rare earth silicate Ti+3 (Mg 2 SiO4 Ti ) and this showed favorable growth parameters but the dopant did not activate to the degree desired. These other -11 -Iisystems could be a rewarding area for future exploration for laser host materials.
Our preliminary effort concentrated on the growth of large single crystals, doping, orientation, crystal structure effects, and finally the mechanical processing of any grown crystals.
The primary objective was the growth, but closely tied to this were physical studies on the absorption, fluorescent emission, lifetime, polarization, and other laser parameters. Most of the latter is to be done at the Naval Research Laboratory.
Phase Diagrams
A thorough examination of the available relevant phase diagrams (from the A.C.S's "Phase Diagrams for Ceramists" series)
for the R203-SiO2 systems (where R is a rare earth)
show that the phase diagrams exhibit similar structure especially around the one to one molar percent ratio line. The existence regions for the R2SiO 5 compositions are bounded by solidus and liquidus curves and two eutectics around the 1:1 line. This can be seen in Figure 1 of the introductory section to this report.
The temperature ranges of these existence regions are also very closely centered around 1900*C. This would indicate that R 2 SiO 5 single crystal material should be isostructural as R is varied allowing mixed composition single crystal boules to be pulled stoichiometrically from the melt. The phase diagram for MgO-SiO 2
shows a structure and temperature range very similar to the above mentioned compositions.
-12- This was revealed by yellowish coloration in portions of the melt and and crystals. There was, however, always sufficient conversion to to cause a very bright luminescence under UV illumination.
More complete conversion appeared to be achieved in later runs by going from a flowing atmosphere of N2 and forming gas to just a flowing N 2 gas cover. Ti + 3 may have converted to Ti+ 4 due to the use of the inert N 2 gas cover during growth. A reducing atmosphere may be necessary to stabilize the titanium +3 state.
Experimental Runs
The basic experimental conditions of each of the growth runs performed during this report period are outlined in Table I .
Three experimental runs not reported previously are discussed in more detail below as well as being included in the Table I This meant using the pull rate, rotation rate etc. used in Airtron's standard Nd:YAG system. The main exception was that the cover atmosphere used was still pure nitrogen. A boule 30 mm in diameter by 85 mm long was grown (see figure 6 ) with large single crystal sections (see Figure 7) .
Much of the cracking observed in the crystal was due to the process of detaching the boule from the crucible mass. Upon cool-down the boule was tound to be totally embedded in the crucible mass although the run had been terminated because it was thought that the boule was undercutting. This made it necessary to use a hammer and chisel and even bending of the boule to detach it from the frozen melt. The boule fluoresced blue white under UV illumination.
Cleavage planes are still very evident.
-14- Otherwise the material was very typical. The boule is shown in Fig. 8 .
Cathodoluminescence Results
Samples from runs 25 and 26 exhibited bright bluish luminescence from their Ce + 3 content when exposed to UV (see Figure 5 ).
Optical and Laser Evaluation
A sample from the boule grown in run 24 was sent to the NRL shortly after the period covered by this report.
Results from the NRL tests will indicate whether it is possible to )ptically activate the Ti in the Mg 2 SiO 4 and hopefully elucidate which oxidation state is present.
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Conclusions
The work performed so far under this contract has served to point out the most productive direction for further research.
We now know that Ce + 3 exhibits a very high luminescent activity in a wide range of R 2 SiO 5 compounds when present at about the 0.1% level.
We have also observed shifts in the Ce Another area which was only touched upon briefly in the research performed under this contract was that of other orthosilicate systems. 
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